Dedicated to Professor Vincenzo Tortorella, University of Bari, in the occasion of his "fuori ruolo" status (received 14 Jan 04; accepted 12 May 04; published on the web 16 May 04) Abstract Two small sets of aromatic Schiff bases and 2,3-diaryl-1,3-thiazolidin-4-one derivatives have been prepared and tested for antiinflammatory and antinociceptive activities. The thiazolidinone derivatives have been obtained from the azomethines through the addition of α-mercaptoacetic acid. Both types of compounds displayed good level of activity against carrageenan induced edema in rat hind paw, while only moderate activity was observed in the writhing test in mice.
Introduction
For a long time we have described 1 sets of Schiff bases (diaryl-and arylheteroaryl azomethines) endowed with strong and long lasting antiinflammatory activity against the rat hind paw edema induced by carrageenan. The N-(2/3/4-pyridinylmethylene)-3-trifluoromethylbenzenamines 1-3 were of particular interest. The observed activity was clearly exceeding that of the starting amines and aldehydes, as intensity and duration is concerned, and could be related either to a latentiation of the active amine with an improved site-specific delivery, or better to a direct interaction of the azomethine itself with some enzymatic or receptorial protein, maybe at the level of thiol groups. Indeed active azomethines had been previously obtained starting from surely inactive amines and aldehydes.
functions, which can display a generic antioxidant and radical scavenging activity, more than with the presence of the azomethine function. However it is worth noting that the vanillylidene derivatives of the amines previously considered by us, were devoid of any antiedema activity. On the other hand the azomethine function is endowed with multiform reactivity and particularly is able to react with thiol groups, 7 thus it could establish easily some kind of link with enzymatic or receptorial proteins. The diarylazomethines are isosteric with stilbenes and, like these, can exist in interconvertible cis and trans forms. Suitably substituted cis-stilbene derivatives are characterized by potent inhibitory activity on COX-2, quite similarly with what is observed for a variety of vicinal diarylheterocycles, among which important antiinflammatory drugs, like celecoxib, rofecoxib and valdecoxib, are found. 8 In the last class of drugs the central five membered ring, may be of very different nature, either heterocyclic or carbocyclic, [8] [9] [10] while the nature of substituents on the two benzene rings is believed to be responsible for COX-2 selectivity by insertion into the secondary pocket of the enzyme, with the p-sulfonamido and p-methylsulfonyl groups playing a key role. Accordingly in order to improve the previously observed antiinflammatory activity we have now prepared some additional Schiff bases (4-7) bearing these peculiar substituents; moreover, through the reaction with α-mercaptoacetic acid, the Schiff bases 1-7 were converted into 2,3-diaryl-1,3-thiazolidin-4-one derivatives, imposing a cis conformation to the aromatic rings so that the molecules resemble very closely the mentioned antiinflammatory agents. On the other hand the binding capability of the azomethine function, which could play some peculiar role in the interaction with proteins, is lost in the new compounds.
Results and Discussion
The new Schiff bases 4, 5 and 7 were prepared similarly to those previously described 1 by refluxing for 6 to 30 hours the solution in absolute ethanol of the suitable aldehydes and amines. The formation of azomethine 6 was very sluggish and was hastened by the addition of a small amount of zinc chloride as already suggested by C. G. and M. Macarovici 11 for the preparation of Schiff bases of sulfanilamide. 2,3-Disubstituted-1,3-thiazolidin-4-ones (8) (9) (10) (11) (12) (13) (14) were obtained by reacting the Schiff bases with α-mercaptoacetic acid in boiling benzene and removing the formed water by means of a Dean-Stark trap. The yields of thiazolidinone derivatives were improved if aldehydes and amines were directly condensed in refluxing benzene solution, followed by addition of α -mercaptoacetic acid and continuing the heating until reaction completion, avoiding the isolation of the Schiff bases (Scheme 1).
In all these reactions small amounts of acidic side products were isolated. In the condensations involving 4-fluoro-and 4-methylbenzaldehyde the side products were purified and found to correspond to the thioacetals 15 (a, Z=CF, X,Y=CH; b, Z=CCH 3 , X,Y=CH).
Compound 15 a was also obtained by direct condensation of -mercaptoacetic acid and 4-fluorobenzaldehyde, whichever was the ratio between the reactants. 
Scheme 1
The Schiff bases 4-7 and the thiazolidinone derivatives 8-14 were screened for antiinflammatory activity; compounds which were active in this test were assayed also for antinociceptive activity. Moreover, representative compounds (8-10) were tested for inhibition of arachidonic acid induced platelet aggregation, which implicates inhibition of cycloxygenase-1. A preliminary account of this work was communicated in 2001. 12 The results of the antiinflammatory and antinociceptive assays are summarized in Table 1 .
Nine out of the eleven test compounds exhibited significant inhibition of the carrageenaninduced rat paw edema at the oral dose of 200 mg/kg and four of them were active also at 100 mg/kg. Lower dose were ineffective; however compound 8, which at the doses of 200 and 100 mg/kg produced some mortality, was significantly active at 50 mg/kg.
Both kinds of compounds (Schiff bases and thiazolidinone derivatives) displayed good level of activity, which resulted mainly related to the nature of substituents on the aromatic rings, with the methylsulfonyl group producing a higher edema inhibition than the amidosulfonyl one.
Indeed, the most active compounds were the azomethine 6 and the thiazolidinone 13, producing respectively, at the dose of 200 mg/kg p.o., 67% and 78% edema inhibition, while celecoxib at the same dosage produced 45% inhibition. 13 The antiinflammatory action seems to be long lasting, as it was observed for compounds 6 and 13, whose anti-edema activity decreased only slightly between the second and the fourth hour after the carrageenan injection.
On the whole, considering also the azomethines 1-3 previously described, 1 it may be observed that the building up of the heterocyclic ring on the azomethine group produces only minor (improving or detrimental) effects on the anti-edema activity.
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Moreover it is worthy to observe that the thiazolidinone derivatives possess a chiral carbon and thus their activity might be configuration dependant. Attempts to resolve the enantiomeric mixtures are in progress for the basic compounds 8-10.
The nine compounds exhibiting antiinflammatory activity were also assayed for antinociceptive action in the writhing test; only three of them displayed significant activity at the highest dose used (200 mg/kg, p.o.). The analgesic activity was generally weak and, moreover, did not correlate with the antiflogistic one; thus the structural requirements (and possibly the mechanisms) for the two activity seem to be quite different. This is not the case for "coxib" drugs, whose antiinflammatory and antinociceptive activities run parallely. Indeed, in the same experimental conditions presently used, Menozzi et al. 16 observed that at the dose of 200 mg/Kg p.o. celecoxib produced a 45% edema inhibition and also a 77% reduction of the writhings number.
It is worth noting that in a collateral, ongoing research, aimed to discover novel structures endowed with platelet antiaggregating activity, it was observed that three thiazolidinone derivatives (8) (9) (10) at 30 µM concentration failed to inhibit the rabbit platelet aggregation induced by 100 µM arachidonic acid and, therefore, to inhibit the COX-1.
Indeed, the inhibition of arachidonic acid induced platelet aggregation provides an indirect proof of inhibition of COX-1, since the latter is the only enzyme isoform so far detected in platelets. 14, 15 Thus, even if we cannot exclude that at higher concentrations some antiaggregating and, hence, some COX-1 inhibiting activity could be displayed by our compounds, the presently negative results support the possibility that the observed strong antiedema activity of the relevant compounds could be due to selective inhibition of COX-2.
In conclusion, the previously observed strong antiinflammatory activity of Schiff bases has been now confirmed in a set of new compounds. The building up of a thiazolidinone ring on the azomethine group, while generating close structural analogues of coxib type of NSAIDs, had only minor effects (either improving or detrimental) on the anti-edema activity of the starting Schiff base. Thus the latter activity might be considered as linked mainly to the diarylazomethine backbone in the cis conformation, with only secondary contributions from either the azomethine double bond or the thiazolidinone ring. However this issue deserves further investigation.
The lack of platelet anti-aggregating activity, observed for a few of the relevant thiazolidinone derivatives, suggests that the anti-edema action is not linked to inhibition of COX-1 and might be due to selective COX-2 inhibition.
Thus further investigations are warranted in order to check such an interesting possibility or, in any case, to find the origin of the antiinflammatory activity of Schiff bases and thiazolidinone derivatives. 
General method for the preparation of azomethines 4-7
To a solution of 5-10 mmol of 4-aminobenzensulfonamide or 4-methylsulfonylaniline (prepared as described 16 ) in 40-50 ml of absolute ethanol, 6-12 mmol of 4-methyl-or 4-fluorobenzaldehyde were added and the mixture was refluxed for a variable time: 6 h for compound 5, 24-30 h for the remaining. In the case of compound 6, a small amount of zinc chloride was added. After cooling the precipitate was collected, the solution was concentrated and a second crop of crystals was obtained. The joined fractions were washed with dry ether or acetone to remove some unreacted aldehyde and then crystallized from absolute ethanol; compound 5 was crystallized by dissolution in DMF and gradual addition of absolute ethanol. 
General method for the preparation of 2,3-disubstituted 1,3-thiazolidin-4-ones 8-14
A solution (or suspension) of the suitable aldehyde and aminocompound (10 mmol each) in dry benzene (50 ml) was heated under reflux in a flask connected to a Dean-Stark trap for 1 to 18 h until the formation of the azomethine did not increase further.
A solution of α-mercaptoacetic acid (20 mmol) in benzene was added and the mixture was refluxed for additional 7 to 30 h. The completion of the condensation was followed through TLC ( 
4-Substituted-benzylidene-dimercapto-diacetic acids 15 a, b
In the cases of the preparations of thiazolidinones 13 and 14, the alkaline solution used to remove the acidic compounds from the reaction mixture was acidified and extracted with ether. The solvent was evaporated and the semisolid residue was pressed on a porous porcelain plate to remove the oil. Pharmacology. For in vivo assays male albino Sprague-Dawley rats (120-150 g) and male Swiss mice (15-25 g) were used. Animals were fasted for 15 h before treatment, but had always free access to water. All compounds were administered orally by a gastric tube, as finely homogenized suspension in 0.5% carboxymethylcellulose (CMC) (1 ml/100 g body weight), at the initial dose of 200 mg/kg. Compounds which exhibited a statistically significant activity at this dose were further tested at doses decreasing by a factor of 2, always in the same volume of 0.5% CMC. Controls received the same volume of CMC dispersion. For in vitro assays, the dissolution of test compounds in a buffer was speeded up by means of DMSO; the final concentration of DMSO not interfering with test was 0.1%.
Antiinflammatory activity. The carrageenan-induced paw edema test 17 was performed in groups of five rats. Sixty minutes after administering the test compound, 0.1 ml of 1% carrageenan suspension in saline was injected into the plantar surface of the right hind paw of each rat. Paw volume, as determined by measuring the volume of water displaced after immersing paw up to the lateral malleous level, was recorded immediately after the carrageenan injection and again 2 h later. The difference between these two volumes was taken as edema volume. For the most active compounds the edema volume was measured also after 4 h. The percent inhibition of the edema of treated rats with respect to control animals was calculated and compared with that produced by indomethacin (6 mg/kg, p.o.), used as reference drug. Statistical significance versus control group was evaluated by the Student's t-test. Analgesic activity. The writhing test 18 was performed in groups of five mice. One hour after the administration of the test compound, 0.01 ml/g of 0.6% acetic acid solution was injected intraperitoneally in each mouse. The writhing movements of each animal were counted for 15 min (between the fifth and 20th min after the injection of the irritant). The antinociceptive effect was expressed as the percent reduction of writhing number compared with the control group. Indomethacin (6 mg/kg, p.o.) was used as reference drug. Statistical significance versus control group was evaluated by the Mann-Whitney test. Platelet aggregation inhibition. Blood from New Zealand rabbit (2.75 ± 0.25 kg body weight) was collected in 0.13 M trisodium citrate solution and centrifuged to obtain platelets rich plasma (PRP). A first sample of PRP was incubated at 37°C for 5 min before the addition of arachidonic acid (final conc. 100 µM). A second sample of PRP was incubated in the same conditions in the presence of test compound (30 µM). Platelet aggregation was induced adding the agonist and after 5 min the maximal light transmission, obtained with and without the addition of the test compound, were compared and the percentage of inhibition of platelet aggregation was calculated. Inhibition by more than 50% indicated highly significant activity. Indomethacin at 0.3 µM conc. gave 100% inhibition of platelet aggregation.
